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PRE FACE

The appendices in this volume are intended to provide the
user with the technical information needed to reproduce or modify
the programs used in the analysis and to process additionalk samples of AUTODIN traffic or additional cost allocations with
different connectivity charges and utilization rates,
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PROGRAM DAILY

DESCRIPTION OF PROGRA M DAILY

I Program DAILY reads the  traffic f i l e  which consists of
the  header from each message and summar1~es the number of
messages , t o tal; number of linehiocks , total ; number of i~ies—

sages, flash or higher; number of ilnehiocks , flash or’ higher.

I Fox’ each unique originating stat Ion rout: ing indica t or (O~ RI
the  program also r ecords  t he number 0!’ loc a l , area , and m t  er—
area lineblocks tha t have been sent by that OSRI
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PROGRAM SUMM Y

DESCRIPTION OF PROGRAM SUMMY

Program SUMMY reads each of the  out-put t apes produced by

Program DAILY and wr i t e s  a s i n g l e  tape combining all the

unique OSRI ‘ s and their volum e c’t’ t r a f f i c  i n to  a s i ng l e  ~ t~st -

This f ina l 11. st is t- hen sorted by t he t ot a I number ot ’ 1 ne-
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PROGRAM COSAL

DESCRIPTION OF PROGRAM COSAL

Program Cosal allocates costs to a given CCSD according
to the baud speed of t he line and t he number of line bloc ks
sent by the OSRI’s utilizing it .  For each CCSD a portion of
the total cost are received through a fixed charge for con-

nectivity based upon the baud speed of the line . The remaining

costs are recovered by finding all the OSRI’s which utilized

the line and applying a rate for the number of local s area and
inter—area line blocks.
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SPECIALIZED SYSTEM FEATURE UTILIZED

The three programs inc lude d in these appendices are wr it t en
in FORTRAN for the CDC 61400 computer. With very minor modifica-

tions in the program , the routines are adaptable to any computer

with core storage of at least 120K words. Although several

special features of SCOPE 3,20.0 SCM Version A 8/ t/70 FORTRAN

were utilized , none are indispensable for use of the programs .

These special functions and subroutines are described below ,

1. INCK (0) An input check that provides a means c’i’

determining , under program cont rol , that-

illegal charac te rs  have been en c o u n t e r e d

dur ing  a FORTRAN BCD i npu t  op e ra t i o n , and
provides an optiona l return t-o execution ~f

an input error has occurred.

2. NOPCHK (0) A partty error check that shift s resp’~’sn—

sibil ity for handling physlca 1 t ape pan t y

errors to the standard system rout i ne .

3. BUFFER IN
(j.p) (A ,B) The stat oment transfers information from

tape unit a-I in mode p t-o st orage local ions

A through B. Only one logical Ta-e (a - or d  Is
read for each BUFFER iN statement. A p

of nero desIgnates even parity while one

designates odd parity.

D- 1
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LI. IF (UNIT,J) A test on unit J to determine the record

being transferred from unit U to buffer

has been completed.

5. XCRL A check on the buffering—in of data that

permits others in system to execu te if
buffering operation is not yet completed .

6. LENGTH ( J )  Num ber of words read on previous rea d
request on file J.

7. MCHAR
(J ,A ,I,B N )  This sta temen t t ransfers  N chara cters

start ing at the Ith character  in the
string (array) A into the string B starting

with the Ith character position.

8. DECODE
(c ,n,v) L The information in c consecutive I3CD

characters (starting at location v) is

transmi tted accor ding to the Forma t n
and stored in the list variables , L.

9. REMARK Allows user to print a statement in the

day file.

10. MESWAIT Writes a message on the console and

waits for the operator to perform a

specified operation.
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A GENERALIZED MODEL FOR ALLOCATING COSTS

P The material  below is reprinted from IDA Study S—~4 87
Cost Allocation for AUTODIN : An Economic Analysis, Volume
I , pp 28— 3 14 .

p

P

I L

$1

E—l

5—~~~ h— -- -~~~~~~~ 1 ___  a-_a-S__p 
_ _ _ _ _  -  -

~~~~~~~~ _ _ _ _ _ _



_____________ - - ~~a-__ a-_a-- -a---~~ ‘~~~~~~~~~~ ~~~~~~~~ 
_
‘

It’ we wish to exercise the option of assigning a t’ixed

charge per message it is only necessary to select a value for

in and then calculate the revenue that these charges bring in:

( 6 )  M 1 ~ m~
x
~

( 7 )  ft., =

( 8 )  M
3 ~

The revenue from the messages must be subtracted from the

usage cost and the remainder allocated by line blocks.

— 
— R — !l — — 

3(3—a ) — 

~ + +

S — R — ~~I — M ,, — M , aR + T
(14—a) ~~~ = 

~ + ,a-~~~+ ~ 
- + 

~ +

S — R — M  — M ~~ —~~1 ;~~~+ r  b~~ + Tf —  a-, , 1 — R c 
_________= ‘a- + +

3 x + y + z  y +~~~

If we wish  to  exe rc i se  t h e  o rt - lon  o:’ al l-~’cat ~.ng a cer~~al n

fr a c t  ion of u sa g e  c o s ts  t o  m e s s a g e s  and t he  roi~a ~ n J e r  t o  I ~ne
b l o c k s  , the  procedure  is even more simple . ~‘he pe t’ ua

c-f messages would be:

¼ 3—b~ ~
‘ = “

~~~ a-
1 x~~ + y ’+ :~

S R )  ~ c a R + T , )
( 1 4 — b ) C , = 

~~~~~~~~ + z~ 
+ y

~ 
+ ~~~

( 5— b ) + 
~ ( a R + T ’  8 ( b R + T

05~ 
a-

’

- 4

L a- ii
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The per unit line block costs for local , area , and inter—
area would be:

( a-, — (1 — ~)(S — R )
~3— c,  

~~~~
— 

~~~~~~~~~~

— (1 s ) ( S  R )  ( 1 — 8)(aR + T )

( a — c)  
~~~~~~~ 

+

— 1 ) ‘S  R’ 
( 1 — 8)(aR + T ) (1 — s ) ( b R  + T a-)

~~—c~ c ~ — B ~~ — c +3 x + y + z  y + z  z
p

2.  Precedence Char ges

It is a simple matter to introduce differential charges

for precedence into the formulas. One only need normalize on

the cost of non—FLASH messages and then multiply this cost by a

factor or add some fixed amount to arrive at the FLASH message

cost .  Equat ions  ( 2 ) , ( 3 ) ,  and (~~~~) would need to be modified

• 
sl igh t ly  to obta in  the unit  cost for non—FLASH messages. If a
fac tor  is used , the modi f i ca t ion  would consist  of m u l t i p l y i n g

L 

the num ber of FLASH messages con ta ined in x , y, and by the

factor before summing . The denominators in these equations

then would be the number of normalized messages. Alterna-

tively, if a fixed charge per FLASH message is assigned , the

total FLASH charge can be subtracted from the costs (S—R )

before allocating the remainder. Our program permits any of’

these methods to be used and also permits b c-al , area , and
inter—area FLASH messages to be assessed differently.

We would recommend , however, that precedence ~ot be

made a part of the process of calculating before—the-fact charges

for usage . We believe there should be a charge for precedence

but the revenue collected simply should be subtracted from

the following year ’s costs before they are allocated . Agen—

cies cannot rea~’onably forecast FLASH usage , but a charge and
C an accounting for such use are desirable from a managerial

viewpoint .
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Having  examined all the  charactera-istics of ~~TODIN that
impinge upon the problem of allocating costs , it Is p o s s i b l e  no w
to integrate them and ar r Ive  at a general model t h a t  can he used
to calculate appropriate connectivity, usa ge, area , and p r e c e —
dence charges as a f u n ct i o n  of various decision parameters and

variables. All c-f the variables and parameters have been -,i!s~
cussed earlier so we simply shall define them and describe how

they can be put t oge the r  t o  solve t h e  cost allocation problem.

We define the following symbols:

S = total annual cost of switches ~Inc1udIng bot hmemory and throughput but not trunk leases~
R = ~S t o t a l  c on n e c t lv l ty  c os t s  ( t o t a l  annua l  cost  c-f

memory
= rc- :’t  Ic-n c-f s w !t ch  -~c c -n n e c t  I v i t y  ‘~ c o st s  to be

a l loca ted  by c on n e ct  Ivity charges

= connectivIty f e e  :oe ’ weIghted unIt

a = ratIo of memory used for CC’NUS trunks to total 22~~’S
memory available ¼t h i s is 0.23 in t h e  p rev i o u s
example ’t 2

b = r a t io  et a- memory used for  overseas c o n n ect i n g  t r u n k s
to total CC~NUS memory a v a Ila b l e

= cost  c-f memory for 2C~NI’5 ic-rig dIstance-

bT = cc-s t  of memory for overseas long d i s t a n c e
T = cost of’ CONUS t runks  p lus  area t runks  overseas

T 05 — cost of overseas c o n n e c t i n g  t r u n k s
N = number of weighted units ,c-htalned by multtp ly~ ng

number of’ low—speed lines by 3 ,  med Ium ~reeds by 0 ,
high speeds by 114, and adding )

1 
~ can he measured direct ly or ~t cart ~‘c do ‘~ed as ~ he ~~‘oduc c-:’ a ‘a: 10
~ and the cost c-f switches: = ~S. ~‘h Is a - ! :: It Ion ~, s u’c :‘n ’. :‘
eIther constant over r ime or is t he dcc Is ic-n pars,met er ~Thc-se Va lao IS
changed from period to :c-~’~~~od.

2 Some thought should be RIven to whether the denccnInatc-r c:’ th ’.. s ~~should be total CONUS capacity or tonal ::w~ c-ry used for a-ill ~‘o tno- ’: ~ -
T~ie latter allocates the cc-st c-f “unused ” memory c:wac ‘ : v o bo: a lcc:~I
ar~d long distance.

A ~~~~~~ 
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Total Revenue is (1— a — b)R + xC
1 

+ 
~~2 

+ zC
3

= ( l _ a _ b ) R + S _ R + a R + T
~~+ b R + T

05

= ( l — a — b ) R + S — R + a R + b R + T + T 5
P = S + T  +T -

C OS

The latter is equal to total costs.

1. Usa ge Charges for Both Messag es and Line Blocks

The methodology described above is applicable regardless

of whether messages or line blocks are the measure of usage.

The variables , x , y, and z could be defined as the number of

p units of either. It is a relatively simple matter to extend

the methodology to permit charges to be levied for both messages

and line blocks . The breakdown between them can be determined

in either of two essentially equivalent ways. One permits a

• decision to be made on the cost per message , for example 10 cent s
per local message , while the other permits a decision to be made

on what fraction of costs are to be allocated by messages arid

what fraction by line blocks .

To I l lus t ra te  how each woul d be app lIe d , we shall def ine
the fol lowing var iables :  H

x = number of’ local line blocks

y = num ber of’ area line b locks
z = number of inter—area line blocks H

x = number of local messages
y’ = number of area messages

= number of inter—area messages

= fixed charge per local message

= fixed charge per area message - -

= fixed charge per inter—area message
$ B = fraction of usage costs allocated to messages

1—8 = fraction of usage costs allocated to line blocks .

E-5
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x = number of local or single switch messages
y = number of area (e.g., CONUS) long distance messages

= number of inter—area messages.

In accordance with the earlier discussion , aR , bR , T
~ 

and
T (trunks and trunk connections) should be allocated among
long distance users as a function of usage. This means that
aR and bR should be subtracted from the total connectIvity cost
before connectivity charges are calculated. Costs to be allo—
cated by conne ctivi-~y c - z~ r~es (symbolized by D) thus would be:

(1) D = R — a- a + b)R = (1 — a — b)R.
The connectivity fee per w~~~~~~’o’ :o~~t would be:

(~~~~) d = 
D 

— 
(1 — a — b~RN N

This cost should be multiplied by 3, 9, and 114 to obtaIn the
access charges for slow , medium , and high speed , respectIvely.

The message unIt charges must be calculated separately for

local , area, and inter—area calls .1 The cost per :nessage anl:: f
for local (single switch) calls , C1, will include none of the

costs associated with long distance. It is equal to switch

costs less connectivity costs divided by the total number of

message units:

-, S — F ~( 3 )  = 
~ + 

~
, +

—
~

- .

The total revenue collected for single switch calls would be

xC 1.

a- 1The ner~i “message unit” here refers to either messages or iLne blocks~
whIchever Is selected as the unit c-f measure. We later describe tho
process c-f’ calculat ing charges when bot h :~~ssa— ~es and line blocks art ’
assessed . H

-a- ~~~~~~~~~~~~~~~~~~ - -  - - - - -~~~~-- 

s _ a-



- - —-~~~~~~~~~~~~~~~~~~~~~r -a--~ -_____________ ~~~~~~~a- ~~~~~~~~~~~~~~~~~~ ~~~~~
-
~

---a-
~

-—a-
~~

-— -—- --

~~~~~— - a- ’ ~~
-

~~~~~~~~~--—~

p

p The cost per message unit for area (CONUS, Europe, or Asia)
messages would be that for single switch plus the allocation of

costs associated with trunks and trunk connectivity within all

areas :

14 C - S — R  
a R + T

~
— 

( )  2 x + y + z  y + z

The area trunk costs are allocated to both area and overseas
messages because any overseas message originating at a switch

other than the gateway switch will use area trunks and memory
capacity as well as the overseas trunks and capacity. The

total revenue collected for area messages would be yC2.

The cost per message unit for inter—area messages would
be that for an area message plus the allocation of costs for
overseas trunks and connectIv ity:

a R + T  bR + TS — R  c os(5 )  C = +~~~ +3 x + y + z  y + z  z

The to ta l  revenue col lected for  overseas calls would be zC 3.
If one were to add the total connectivity charges and the sum
of the usage charges one would fInd that our formulas produce

the correct amount of revenue . This can be shown rather easily.

Connectivity revenue Is: D = (1 — a — b)R,
Single switch revenue is: xC1 = 

x(s R)

I S — R  a R + T 1
Area revenue is: yC2 = y

j,,~ + ~ 
+ ~ 

+ 

~ 
+ ~ j ~

S — R  a R + T b R +T 51Overseas revenue Is: zC3 
= + 

~ 
+ z + ~ + ~ 

+ z j ‘

C
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